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Abstract 



PROBLEM TO BE SOLVED: To solve the problem where an insulated-gate semiconductor element that Is 
oxidized by forming a trench structure on an &alpha -SiC(0001)Si plane cannot efficiently apply electric field 
to a channel region while keeping high breakdown voltage, and the damage from ion implantation remains at 
a channel region, when the insulation-gate-type semiconductor element containing the channel region of a 
planar type is formed and hence high mobility cannot be realized. 

SOLUTION: In the insulated-gate semiconductor element, an n-type layer 32 grown on an n-type SiC 
substrate 31 and a p-type layer 33 which in turn is gown on the layer are contained, an n-type part 34 where 
semiconductive properties have been changed by performing, for example, ion implantation and heat 
treatment exists at one portion of the p-type layer 33, and at least one portion of the n-type part 34 is 
connected electrically to the n-type layer 32. 
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«i5t«-<oii'-=sr< b h-^tffiMnmmtmfmtz-sMvh 

mzx 'omf^^tix\.^hzb^n&Lb-t^^i^m'iF. 

-fk^Ste*^ s /3 -S i C (111) X{i6H , 4H^c?D a -Si C(OOOl) 

m. X«i:y9-SiC(100)St^/3-SiC(110)X{i6H,4H^<7Da- 
SiC (0001)S.tKa -Si C(l-lOO) ^It^^a -Si C(ll-20) XtS^ 

c if *3i4 ] if 1 %m<n^mwm=i-x:h -:. -c. ± 

iX^C H ymSi. ±iB n m.<r>^-!rT b\,0 —>(r> n 
[ff^JiS] 'yts:<bh^W,\<r> l.za^.yxmA'C 

^mm±\,zx^mm^^^^^. %2<r> ictsv^-c 

^t:,\.z^(r>l^zpmm^^^^'^.'^^(r) \,zii\^ 

-C±IE P SJl<7)-g5Sr^-fk$ -a-Jt n ScoSB^S-TifiO n 
114 CO tCt3V^TpM«<7)-gI5$:^-ft$-a-^C±fBn 

Cfc I ±IB n MogR^i- i: t d -oco n Scogp^ic 
^iti.!tp^<?)«B*^i'^^< b J: d(cj^fi£$ii 

^zwm.^td-z'f-vmmkmm-h ^'>ts:<bii 

^tsz. b ^w^b^h^vm'f(mmim, 
[|f^:56] m3Rx/m4(oyu-kMzt5\,^x-(:ty 

TX'$>^zb inwLb^^m^m5tmco^imi'<7) 

im^mi] m3m/^A<r>yn^xi,zii\^x^:^y 

aJT^ji^^rL. S3^oru-feX^^t>^,^TTtt6^0nM;l 
Cfc(r^-C±IBna<0gi5^J-i:^iiigg^rt, 3 -OCO nScOgP 



ifc<T:*:# v^^i t t:^b'rhmimstm<7^mwm 
[if^^s] m3S,t/^4<orD-txici3i,^T-f 

a. 

[if*Jl9] ^3at/^|g4cora-b>?.fcfcV^T-ijJ-y 

rr■^ii;^'^2r^f dJ^^tc, iJj-fbsass*?* 3 0 o-a^xnz 
[ 1 0 ] ^m'i¥<r)^ii^ix<r>m^mmcr> p M J3 

[000 13 

imy-vm.^mw.m'f-izmL. mz. mKifM<m^ 
^m.i,±^\^i^-f}m\,zmLtzwm.<7iimy~ vm.^ 
wm^iizm-t^mx'hh. 

[0002] 

imk<^im'\ 1 b Lx^^hmM<7)Sxm<^^m 
y- vmpmwm=f-\t. 122 (axort < . nscosts 

l±CCna<7)Xtf:5'^i'^;U^:RJi (nSil) 2$:?g« 

-?-c7)-sptcMx{fBco#^pa^f!|c^m-r-s.^ 

:«-3$-}gJSL, Paoa5^<^«ffi5fifi^<O-a5tC0iJ;t{fP 

nmco^^A ^mm-h . ±iBn s« 2 timmizmLx 

V^5|«^5 i:±iSnM<7)g|5^4 ^:^^S«5*i^/vrpScOg|5r»• 
<7)^B6±(^K-^bte^M7^mL. w.iz^(ommzy 

y-xmfiil 0{±na60gPt«-4i:pacOgP^i-3fc3 
(i, y— hm«i8/^c0>'>'-f TXtcJ:-:>TpScogP:5J-co« 
m-t^, Z.<7)i-^y^^/mmi. iefB^Pig=5ri:-6-'::i'-=5rV^ 

fig^tcfcv^Tti. ^-ry:^^jmmi±m^mzm:fjj^cr)U, 
mzi-oxm^^tixti'o . ^•vwvp«i^fc^^>'tT 

■V y:^fi^m^m^-tt a b t^ia^t , 
[0003] mzicot^^jt Lxm^^m^<^^ 

umLm'itm^^m&L.immbLx^^h. huy^ 

i: < . t-r. m\:&mcr>m.'^mmit<DnmmL 1 1 ±^zn 
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^oizmm-^. z<r>xoizLxm^iihuy^mm^ 

fig 1 7 l>zeim^ti:^mmzj: ^Ton/off SnSf-^ 

1 3 fc i^ag 1 6 <o#®tcj^Bg$ . c^se* 

^^R^I^IiiJi, M^iS Silicon Carbide; A Review of 
Fundamental Quest ions and Applications to Current D 
evice Technology, edited by W. J.Choyke.H.Matsunam 
i, and G.Pensl. Akademie Verlag 1997 <0 Vol.11 p 
P . 369-388 fc^^ $ iXT V ^ S . 
COO 04] 

x'ii^j:<mimmi:m^^xm^-t^m^t:^x.^. mk 
mx'ii^^y:i^fumMiim:^mi>zm:^\^<^t&mzx -^x 
m^^tixid y:^f\/mmiz-( ^>jTt>a;^(^js^ 

^mx'^^fzsicom^cD^ 3 ^^mmc^mmmz htt 

■<zx(^)mmii^mxh^. 112(a) tisitpMnMo 

t>m<r>^^<^mmii^ :^yn-hi2>^izj: ?>m^xm^^ 
tsztt^j:^. w^zm^mmii. ^]£TX'<7inmi,zmm 

i3<^^-r2 0 0 O'ClPXteo0mz^iSitX'^mXht 

tiib. :^yn-hj2.;^izj:y)mx^titzt^^f&t:m!t 

mi,z::'yXT-~)m^-r^:ibtimmx'$)^. 
X. mi\^m^m\^xm2ia)cr>mmy-h^^mim'^ 
<r)mmisuzx^mMmtmmcoyn-{ix^m^^xmm 

[ 0 0 0 5 ] , m-c7)m^mizi5\,^xmmLfc:mM 

m^x\ m^ijmznLxmimmtiim^i>zbi)<^i^ 

tiX\^^. « -Si C (0001) SiffltiS S!-ftaJSc7)av ^ffi-C' 
0 , C:(7)®**180JSllItet/::a-SiC(000-l)CE{iSt 

m^mmiim^ mx'$> . y^mmcnx 0 \,zwm.<r> 
W£hm^f}mznm-h^m^i!:^wii^^=i-mm.<r> 
mM^wksm\^xm(^tmm:'m^'thb. jsa 
■nmzn \.xm^^ixhm\^'^^^<r>^iimts:h 



mtfimkfih a-sic(oooi)siHfc±Bfei&y- vm^m 
ii^m^im^Ltz^M. m^imzTT^LtzXo^z. ^ 
:Lj\mm2 \i6xxfhi^y^mm22\,zm^m.vc^m 
2 3 . y^mm 2 0 cjt8JW/?v ^K-fb^flg 1 6 
ijm^^ixh. y-hmmi7\i. hx^y^mm^mz 
hfz-yXhv y^ma 2 2 ±.<DWm 2 3 ^® t 
^fix^^^cox\ vvy^mM2ocr)^-Ty^-)vm'^±. 
<7>imm 1 6 i 0 1 h\^y^mm2 2±<^iteitM2 3(c: 

(OOODSifflfciSWfficOi^^'-'- h L 

m-ht. ia2(b)(o«t:. st/fv^ffii^jii e^^'f-A- 
y^^/i^^ 2 o±ic?g^$tiT . y- h«JEtc*=r-r'i.f^ 

=^<r)\^xii^yx<r)^^tim<^hmm:^ti^h':>ti, i 

fe, f-v:^*7Wa5^)-2 0±<0>'-hitei»IBIl 6C7)MJ?S: 

y^mm2 2±izm^^ix. z(7)u^(oimmmtim< 

^^XVto. Z<^t:i!b±sm.mtmi>zt5\,^Xli. a-S 

ic(oooi)siffii2 huy^mm^m^Ltzmmm^^'7-m 
mx'h-ofz, 

[0007] ±iem-, m-<7)mfmi^zi5\'fhmm 
m^mm-htL»>. 'j'^tc<ti^. w^±.^z^^^^tzn 
mmt. ^ h\.z^<r>±.\,z^^^^fzpmm^^?i: ±ib 

<r>U-^cryM^£ < i: t -gBA^Ttfeco n t 

x-hhw^y-h^wm^^wni-fz. ^co«jtav 
^-ivmm: mm- h >t A^ict^j^^j 2 co« t yi-^m. 

^> C±fB?S!*C'<J 2 Tj^'^^^s: b U y^^SrJg^ Ltztz»> 

^im=f'^mi^m^(>zx oiei^i. c t €r a wii-ri. , 

[0008] 
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[0009] HfffB^f*c3g-?^ttJv^T, mmmitm^ 
[0010] m^^^m-x'hnx. m(^w&i. 

tl^^ $ -SiC (HI) X«i6H, 4H^<?3 a-Si C(0001)X{il5R-Si 

Si C (100) -Si C (110) X{i6H, 4H^<5D a -S i C(OOOl) & 
tXa-SiC(l-100)aiXa-SiC(ll-20)X«i^O l 

[0011] mu^mwm=FX'h^x . ±Mipm.m<^m. 

[0012] *%BJco4^f|s«^cO®^:^{±, il'-^< 

fctmio ^zm^xmn^m^^znmM^m> 

M^-t. ig2<7) i,zi3\,^x^ ^i,z^<7)±izpmm^ 
m.^^'it. mscD izi5\^x±iipmm<7)~^i^ 
-fbs-arjt n Miogp^^Ttfiic^ n sJi mm^izmm t 

ifiE!|?!lS: -^Stt-fb L P mm^^zlM. n ScogPcM- 1 i d -oo 

<ri \.zti\\x±Mmm±.i,zm.m.^ixf:iy-vmm 
[0013] mriB^f*3g^<7)jg«:firafct5V^-c. IS 3 

St^^ 4 cor o^r Xt- jo V :t >-tT*>a^^ $r^T a :t 
>'coa:^-yW^-*nkeVi;Lh20MeVlJilTT'fc-i. t 

[0014] mi^wm=?'(r>m^-)m^zii^^x . ms 

[0015] SIC. m3c0ro-feXt;iiV^-CTifiC0nM 

i^Zti V -^T ±ia n m(^B^ t ^jIM^ t, a — :>c7) n 

[ 0 0 1 6 ] ll3&tf||4corn-feXtCtJV^T^ 

5ryrr*>a;^^ffa :tyco H-xa*noi«cm-2ia±T- 



[0017] diJt. ^3M^mA(D'ru-k^:^\,zii\,yx^ 

^^yn^biL^k^riiSt^iiz. mYm^msLk 3 0 o-cj^i 

[00 18] 

ti. 01<7)«tC, fi»J;t(?«-SiC(0001)SiiB-C-*-S.n^ilS 

-ft]^ma«3 l±(c:xt:?dfi^-v;W^^nSa3 2, X 
b-^'dr£^A'yPfife«pS«3 3S:^:R$1ir, iiepSilcO 
-SStcSP^Wtc^f ;t :^iT^ii;^i Lf?f«!!M-ri. C: i: J: 0 
nSc7)gI5ii-3 4*?^^L/t. ^<7)ii-^. nScOg|5^3 4 
{ipS®3 3SrS^^fettTnMii3 2 

^£hXdi,zm^Lrz. mz^ nm.<n^^ 3 a km^\^fz 

0 1 :t>'<Ox;t.;Pdf-^T{f T-f ^>'iT*>ji;% 

2r^TV\ t d-o<7)nScogC^3 5?rJgj«t/::. ClcOJ^ 
td-0^nS<^gP:a-3 5{i. pSa3 3+lC^S 
3 6J.:]li'HipSii3 3t'Htixf^^fc®-CJgfig$it, 
(|t»{:nS«3 2 fc t nMcOgP:5i-3 4 i: t^iSMT'S)-?. . 
CliO'^xMCO^ffiSrK-ftLT. ^J'^^<i:tnMc7)^^3 
At ho —'0<r> n SOgP^ 3 5 tcfilj^n/^ P MSiOa® 
3 7S-SdJ:dK. m.^mmSk3Skm^l.tz, ^hiz 

:i^mmm.3 scr>mM\,zy- vmM3 9 ^mf&t 
tz, msMmiziiu-y^Ao. mRmmcopmm(D 

^ffi t, o — OCT) n m(0^-^ 3 5l,Ztfzi^^iol,ZV- 

xmm^tih^^y:^^fi'mmiipmm<omm3 i^^x- 

hh. C:c7)^-^'y^vU^«£3 7{i:pM®3 3cOXb-:?^ 
-^-T)V^^mz. -f:t>iT^ii^-^x.y^yr^lca:S 

mmY<m.\mm^ 3 s , hw- >^it3tcosi<i:co«^ 

<i:i>, ^:K±m«$-li:>tnSJl3 2fc, ^^^t^-e^T) 
±lC|«*$-li:/^pM«3 3$:-ir;^«., ±iBpS«3 30- 

^tt^^-fb^ "tfz n Mc?)gPii- 3 4 ii<^ t . ±IB n ffiOgp 
^34 CO^-^ < i: t -gE*^±IB n S« 3 2 i: 

[0019] Buia^^s^^fcjov^TJi, mmtim^tm 
mmRx-h*). nmmhpmmhmi\:mmmzx>om 

sim<^^i^ttni,zi^m^^tLXh. stifzwsmt 
Lxmm-h. 

[0020] MiB^«*s^tct3v^T. m^tm^m^3 

1 /9-SiCail)X{i6H.4HIP<Oa-SiC(0001)X{il5R- 

SiC<5:)SiHt7t{i-?-<7)l OJ^W^<r>:^y:fl-v hffi, X«i: 
iS -Si C(100)at/>9 -Si C(110)XJi6H. 4H^O a -Si C (000 
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l)&y^a-SiC(l-100)&l/a-SiC(ll-20)X{S-e<7)l 5& 

[0021] HufE^f^^^tctsi'^T, ±mpmm s s 

t 0—:><r)nm.<r)U^t,zi3kt.fifcpmM<r)^m3 7 

mmLi,z'^^ixtzy-hmM3 9i. 'yts:<th^A. 
[0022] ^^^n<^^ii^mi-c^mmsm\i. <i^-^j:< 

ttl^lCT) ^^J^V^T^-^ti^^»K3 l±t;nSJi 

pail3 3S:«:^$1i:, m3«0 tct3V^T±fBpS 
®cO-g|5*^-fb§-tir/inmiOgBrM-3 4 *Tit!l<7)nMe3 
2i:S^WtCjlS?i:=5r-l.cfc9{c^:tyfT*.ii^Srt. IS 
40 i,zi5\-\XpmM<r)~Ut:'^-i^^-^z±Mtnm. 

<m^b^w^^£ t d -OCT) nScoas:}}- 3 5 Sr-f ^yfr 

•5 'f Jj- ^tT*.a;?i^ $ix/w^M!B!lS:vgtt-ft L p MS 3 3 4" 
i>z±SiLnm7y^^3Ak i>o—^<r>nm<m^3 5 SrJg 
^L. Ig6c7) Jcjot^T±IBnffitfOgp^3 4i:i>d 
— OtfO n m<DU-^ 3 5 tern* iXTt P tfO^ffi 31^'J'- 

^j:<t^,mo i:oizm^^ixtzimm3Q^m^L. m 

7 CO tciJV ^•C±le^M 3 8 ±tclSB$ 

hmm3 9^mm.^^zti^^t-t^. ^<nm^-)im 

-i-^ 7-iOM0SFET7&^figT'# . «8E{i^3 6 - 1 d 

— OCO nM<^gP^ 3 5 - f-v y:^^)U3 7 - nM<5^gP^3 
4 - nS® 3 2 -^3 1 -mfii4 0 i: ::«0«* 

ffiji^ ^fmmfizmm-h c: t i o . ■ itfBff 

S:^lJfflI■r-l»'^•'7-M0SFEW||31T'# 7t o 
[0023] mrfe^««^<7)Jg^:ftrffiti3(,^T. 113 

>'iOJC*;P^— *<lkeVKUi20MeVOT-CfcSi:. ^sf^' 

1 0 0 Tj-V^J^ h n-ASJKOlifflfOai^Ona® Sr?^ 

^tCji<^0, *56BJ<:r)g6<J-C'*>I.WE^qrL^cMOSFET 

*^'?BBa-C'# ^. lOMevijJLhtfo-f ?r y(i-eojg^*-ii t 
[0024] wm.^wm=F<Dm^')m^zi6\^x . ^3 



[00 2 5] 5g(C;. m3(7)ro-bX{Ct3V^TTtfiCOnM 

«p^i-$:j^B£-ri. ^^tT*)a,;^-r -1. :t ycox^vp^- 

±iB nSSiO«MWaig^*>'^ < =5r 0 . t a -oco nS 

mt pmm<7i^cop/nm^izxhm&*^S:<^j:mt t 

[0 0 26] ttl^ m3RX/m4<7)ya-izXiZ}i\,^X'i 
J^■>fT*>)i^^^^i£:^Ta :+>'<J:)H-X»3!)nO'*cm-2UUi-C 

7&noi<cin-2UJlT-C'*)^ i: ^ ^y^T*>3i^^^Si^!^cgP:5i•^Odf 
[0 0 27] ttz. Ig 3X1/^4 coro-tXtCfeV^T-f 

^yn-h^h^^nom-^iz. mt^m^^3oo'ca 
±{cfiioi: . ^^vnibTh^^^kz^hm^ :^ymm& 

[0028] 

[iisfe0iji 1 \.zi^mR<r>^mnfm^<^m^t:)im<r) 

l^-^OHSfiflaJSr^-t. HI or i: < . 3xl0i ^cm-JcoilUK 
cr>mM <!0nS<!06H-Si C (0001 ) Si B ( 11-20) 4 jK 
h<0^3 1 ^fflSL. ^ffi^ft^l^^^-±IBS«[ 
SBt^H— O i:LT5xlO>5cm-3coMI^ nSx 
b-^'^v-v;l'^:RJi3 2$:6At>niOm;VT-J^^L. 
■eo±tm~«0 i: fC 2 u-mCOW^X-lxW 7 cm- 3 CO 
Al OpMxt;:5'^>'A';l^«ft®3 3 5:mL.^v:. 
i c^pMx b- ^ -V /U^:RiI<^^® tc^JS 2: 
^L. mnco i: ~7.0 MeV co|g 

H-C7 g<?)>f :t yx:t.;l^df -S-St^^ixmSxlOi «cir « 

0. nMcOgi5^3 4*^3 5^oygJScogg§i-C'?g^$ 
iX. ^<7)gil^«paS3 3J:'9i>^V^a5^i■t■eaLrt3 
"9 , nSc0SI5tii-3 4{±Ttf50nSii3 2 fc ?|g\Wl:atig! 
fc^l.. »:C8i]co^Sv;?.^^j^^LT, 114 CO 
t LT20keVco TMScO'T TTViT^iii^iSrSxlOiSc 
m- 2<0 h'-XiT'tf l'^. t O — OCO nM<?5l5t»- 3 5^m 
^Ltz. ^J-ytT-^a^^^tfcoa^coagfiS 0 O'Ct L 

XI 50 o'cx-mimvx. ^anhco-i ^yn-hih^m 

im'&.^LXxm.<r>^^^ ta-ocOnMOlS^)-?:^ 

[0029] ^mzf^e<r>yu-kzxb tx. ±iB6H-sic(o 
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ooDsmmL^m^m^iizmxLx . no o-cx-^ 

- [0030] ±sm^mmmizayi^::7 h^^-fU^t't: 
mm%:im^-^MLXV-xmM4 1^ 

mAo^m^Lx. ^hizm7(o ttx^vi^v 
3 y<r>y- hmm 3 9 txmi <Dm^y-hm<^ 

[003 1 ] ^mmmiZi5\,^XI,i, ±iB<06H-SiC(0(X)l) 

siHCii-20]:frie]4JE:t:7;^-y h(7)mm^m^'^fzijK * 

-ft^S^^-'/S -Si C (111) X{i:6H, a -Si C(OOOl) X 

{415R-SiCC0Siffi*7t»i:^«Ol OmVMcr):^yy(f y h 

Xl,±0 -Si C ( 100) Rl/^ -Si C ( 1 10) X(46H , 4H^fD « - 
Si C (OOOD&t^ a -Si C(l-lOO) m/a -Si C (11-20) X(i-e 
1 5mvm<r>::^yi!r «y bffit', i!'-^< i: t>nSS«jLh 

[00321 ^HJfeWlciiV^-cti. J^->tTm*$r^f 
a-f:t>'OX:t>;paf-*<0.9 ~7.0MeV (TimMX'lBCO 
^miibjL^ t ZOkeMCOm^^m^tztiK IkeVl^UilOMeV 

aTcommx'htm. :^mMti<^-^mx'$>?>. ^tz. 
^^^m^mmx^tz. 

[00331 ^mmizis\,^Xli. ^>'iT*)a^$:tf 

ai^tc. mii^mmm^ 5 0 ox:(c«-53t*«. 300 
'cu±.iz^xim.mmmtfi-( :^ymm'^^z^^m^ 
^ti. ^^Mimmxtfz. 
[0034] ^mmifZti^-^xii. -y- h^mt lx 
en-sicmDsmm^^mit^m^izmxLx 1100 
"CT">x -y hmt^sf^mirf'oxmm.Lrzmimmm 
m^^tztiK mtiiamiizX'oxm^^fifzmiti^ 

[0035] ttz. *ll]SiC^J{ct5V%r^-r V^-zl^J^Sr 

[00361 ±immmi,zmmLf.i^im'Fcomm^ 

ti. 400VljUi<7)^^WES:^L7t:. *SgM0iJ{ci: "9 , K 
-(LI^m^T) (OOOl)Si ®±tcr^ -^Sc?)#M^«jtcOft(l» 

m^-<'7-m^xhhm\^mimy- hm^^mi^m^ti^ 
mfS.x'^fz. mz. ;i<7ymiikmxm^^tii:zi^y-h 



fcm^co^^-y^^^ji^^mmzMLx 2 ox&juj^^^m. 

^»jKOf-^>'^^;U3 7*^fi)t§*t:^cCli:*«li 
[0037] 
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